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Abstract 
The paper analyzed a electronic diesel engine‘s working state according to the engine speed and load condition, and 
compiled the control procedure using the MATLAB / Simulink / Stateflow software. According to the engine speed, 
load and other information, the control strategy can accurately determine the current operation state: starting, idleness, 
normal operation, afterrrun. The simulation showed that: The graphical programming tools can greatly shorten the 
development cycle of ECU. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
Keywords: Diesel engine; Condition monitoring; Stateflow. 
1. Introduction 
In the electronic control diesel engine, the fuel injection for each cycle change with the engine’s 
operating conditions. The operation condition must be considered during the development process of 
electronically controlled diesel engine ECU, because the change of working conditions, will impact the 
combustion process of the engine, so that the engine performance and emissions change. The starting 
performance is very important to evaluate the capabilities for diesel engine. Want to realize vehicle diesel 
engine with low emission control target, combustion organization and emissions control research is very 
important [1-2]. This paper using MATLAB / Simulink / Stateflow software written control procedures 
based on diesel engine common condition analysis to meet the fuel injection quantity calculation for 
different conditions. It put forward the main technical scheme for solving the diesel fuel injection amount 
calculated problem. 
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1. States Determine 
Electronic control diesel engine has four states: starting, idleness, normal and afterrun. These states 
determining need ECU detecting engine speed, clutch state, transmission gear, starter switch input 
information and so on. The following will describe how to determine these states via several aspects. 
1.1. Starting Condition 
For a traditional engine cycle, when the starting switch opened, the starter circuit switched on, that 
means the engine will enter the starting state. Therefore, for ECU, once detected electric signal means that 
the engine is starting. The key problem is how to estimate the starting success. 
For the traditional diesel engine, starting success mainly depends on the driver through the engine 
sound judging. This will increase the starting fuel quantity, increase emissions, and reduce the service life 
of the motor. Whereas, the electronically controlled ECU concluding starting success mainly depends on 
the engine’s speed can go to self running speed within a specified time period or not. So the fuel supply 
system can adjust the amount of fuel injection timely according to the speed change to avoid excessive 
emissions caused by long time injection quantity during starting [3]. After a successful start-up, ECU will 
judge the next step through the engine speed, throttle position and so on, as shown in Fig. 1. 
1.2. Idle Condition 
Generally, the engine have to go through a period of idle running after starting, then gradually export 
power. Therefore, once the engine ECU detects starting successful, control program will automatically 
convert to the idleness control. 
Idleness condition judgment mainly depends on the engine speed, throttle position, the clutch and gear 
position information [4]. Of course, engine condition monitoring output information is also important for 
it. The following chart shows idleness control logic. Once the engine enter the idleness state, the ECU 
will calculate the amount of the fuel injection according to the engine temperature, speed and air 
condition accessories information, and gradually reduce the amount of fuel injection through the ramp 
function [5 ]. At the same time, idle speed control system will work to ensure the idle running stability. 
Fig. 1. Starting State Estimating and Monitoring                      Fig. 2. Idleness condition judgment and monitoring 
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1.3. Normal Condition 
After a period of idle running, the engine change to the normal operation ,and it can be determined via 
the engine speed, the clutch state and gear information. Fig. 2 above can be a very good description. 
The biggest difference between idleness and normal running is that ECU calculates fuel quantity 
change. Under the condition, oil quantity calculation depends mainly on the speed and the accelerator 
pedal position signal. At this time the general speed control system, the anti-shake system and 
acceleration / deceleration control system set to work, so as to ensure the stable operation and acceleration 
/ deceleration time. 
1.4. Afterrun Condition 
In actual operation, the driver put the key into the post, and the ECU electrify, then begin the 
initialization, detection sensors, actuators and other components can work; after the engine flameout, 
ECU is still working for a period to detect the system. Two kinds of such conditions are called “before the 
start / stop after detection” or “afterrun detection”. The state is determined by the ignition key signal. 
2. MATLAB / Simulink / stateflow program 
The control system is dependent on the MATLAB / Simulink graphical programming and simulation 
tools. At the same time based on the Stateflow module to solve complicated system work process 
provides a convenience. In the electronic control unit, strategy programming, engine cylinder detection 
procedures and automatic transmission control logic are also using Stateflow module. 
2.1. Stateflow simulation model 
In the Stateflow state machine programming, starting, idling, and normal operation and before the 
starting / after the stopping are four basic states. The state machine outputs four state values, and the 
engine is in the state of operation at one. State machine inputs information including engine speed, 
temperature, atmospheric pressure, ignition switch status, clutch, gearbox and timer information, as 
shown in Fig. 3. 
Fig. 3. Control logic diagram. 
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2.2. Simulink control model 
In monitoring process, it only depends on stateflow module and not realizes the control target. 
Peripheral needs to write the program to finish the control requirements. Fig. 4 is a Simulink control 
model. 
Fig. 4. The simulink control model 
3. The results of simulation analysis 
In view of the monitoring system and the external condition of the engine, so it needs to quantitative 
real-time online simulation. Engine speed set by the input signal, the piecewise function is determined by 
time. 
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Switch signal, clutch state signal and the position of transmission signal are set to step signal. The 
initial value of switch is set to1, and it is reset after 15s.The initial values of Clutch and neutral signal are 
set to 0, and they are set to 1 in 12s.On the simulation control of control process, it gets diagram of 
simulation results as Fig. 5. 
We can see results from the above graph: in 0 ~ 7s engine is in starting state; In the 7s the starting is 
successful, and the ECU enters idling control; The clutch engages and the transmission gears, and the 
ECU enters normal movement monitoring; In the15s, the switch is disconnected and the ECU enters the 
monitoring state after the stopping. the results of Simulation shows that the system meets the control 
requirements and can correctly judges the current running real time state of engine according to the 
engine speed, switch, clutch, gear position information . 
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Fig. 5. The diagram of simulation results 
4. Conclusions 
By the conventional engine working state simulation and experimental research, we master the basic 
method of determining engine operating condition and validate the method based on MATLAB / 
Simulink / Stateflow according to the engine condition monitoring models. From the simulation model 
we can conveniently obtain control effect. We accumulate the experience of software simulation analysis 
and control procedure programming.  
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